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Abstract 

We have studied a left-right symmetric model with mirror fermions 
based in a grand unified SU(7) model in order to account for the muon 
anomaly. The Higgs sector of the model contains two Higgs doublets and 
the hierarchy condition vl <C Vr can be achieved by using two additional 
Higgs singlets, one even and other odd under ©-parity. We show that 
there is a wide range of values for the mass parameters of the model that 
is consistent with the g — 2 lepton anomalies. Radiative correction to the 
mass of the ordinary fermions are shown to be small. 



1 Introduction 

Some years ago it was recognized that the measurements of a; = g '~ 2 for leptons 
(commonly referred to as the lepton anomaly) can be an interesting window to 
discover New Physic beyond the Standard Model. 

The recent theoretical results for the electron anomaly are now known at 
order a 5 pQ in its QED contribution and at two-loops for the electroweak cor- 
rections [2] for the muon anomaly. The present values are: Aa e ~ (1.24 ± 
0.95) x 10" 11 , for the electron and Aa M ~ (2±2) x 10~ 9 , for the muon. In fact, 
the results reported by the Muon (g — 2) Collaboration [5] combined with the 
most recent theoretical calculations have shown that there remains a discrep- 
ancy with the SM theoretical calculations at a confidence level from 0.7a to 3.2 
a, according to the values chosen for the hadronic contributions. Using e + e— 
data, the SM prediction for the muon — 2 deviates from the present experi- 
mental value [1] [S] [B] [7] [S] by 2a — 3a , if the hadronic light-by- light contribution 
is used instead of the hadronic r decay data . Among all contributions yielding 
corrections to the muon anomaly, the hadronic contributions are less accurate 
due to the hadronic vacuum polarization effects in the diagrams which use data 
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inputs coming from the e + e~ annihilation cross section and the hadronic t— 
decay. It is not clear at present whether the value from t— decay data can be 
improved much further due to the difficulty in evaluating more precisely the 
effect of isospin breaking. 

In fact, these measurements have provided the highest accuracy for the pre- 
dictions of theories for strong, weak and electromagnetic interactions because 
they have reached a fabulous relative precision of 0.5 parts per million (ppm) 
in the determination of a M . However, if this discrepancy for the muon anomaly 
remains, it is possible that we are under a window open for New Physics at a 
high energy scale, A. The study of the muon anomaly becomes relevant because 
it is more sensitive to interactions that are not predicted in the SM but that 
can be reached at the CERN large hadron collider (LHC) with ^/s = lATeV . 

On the theoretical side, if we take into account the effects of virtual massive 
particles in the diagrams contributing to the lepton anomaly, the corrections to 
the anomalies are expected to be of the order (-^f L ) 2 ~4x 10 4 for the muon, 



and of the order \^rj ~ 1-2 x 10 7 for the tau. The same huge enhancement 
factor would also affect the contributions coming from degrees of freedom beyond 
the SM, so that the measurement of the t— anomaly would represent the best 
opportunity to detect new physics. Unfortunately, the very short lifetime of the 
t- lepton which, precisely because of its high mass, can also decay into hadronic 
states, makes such a measurement impossible at present. This is the reason for 
the emphasis on the muon anomaly. 

Many models beyond the Standard Model have been proposed in order to 
explain the discrepancy of the muon — 2. This is the case for example in 
Eq GUT models [9] [10] , supersymmetry [11] and left - right (L-R) models with 
mirror fermions [T2]. For a review of models for New Physic see Ref.|13j. 

In this paper we have studied a left-right symmetric model with mirror 
fermions in the SU (7) context using a minimal set of Higgs fields that consists 
in two doublets and two singlets. One essential ingredient in our model is 
the incorporation of T>— parity to induce the breaking of SU(2)r through the 
vacuum expectation value (v.e.v.) of an odd Higgs relative to 2?— parity [13] . 
We expect that the breaking scale of SU(2)r will be not very far from the 
electroweak scale, let us say ~ TeV due to introduction of an even T>— parity 
Higgs singlet which gain a v.e.v. in the GUT scale before the I?— parity odd 
Higgs. 

Our paper is organized as follow. In Section 2 we introduce our left-right 
symmetrical model with mirror fermions based in a SU (7) GUT. In Section 
3 we study the Higgs sector and its interactions with charged leptons that is 
relevant for the lepton anomaly and its radiative mass. In Section 4 we analyze 
the constraints on the relevant parameters of the model. In Section 5 we present 
our conclusions. 
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2 A left-right symmetric model with mirror fermions 
in SU(7) 

Left-right symmetric models are expected to be a natural consequence of SU(3)c® 
SU(2)l <8> SU(2)r (g> U(1)y- This extension of the standard model is also ex- 
pected to be a sub-group of some grand unified model. The fermionic content 
of the fundamental representations can vary, but an economical choice consists 
of mirror fermions, related by a parity symmetry. Mirror fermions are sug- 
gested for example in SO(2n), SO(2n+l) [T5], SU{n) [T5] (n > 5) and E$ [T7] 
unifications models, as well as direct product group such as SU(5) <8> SU(5) [TB] . 

In the L-R model with mirror fermions the particle content is described in 
Table 1 for the two first families of fermions. 



Table 1 



Ordinary fermions 


Mirror fermions 


eR,m ~ (1,1,1,-2) 

VeR, VfiR ~ (!) !) M) 

u fl ,c fl ~ (3,1,1,4/3) 
d fl ,a fl ~(3,l,l,-2/3) 


( 


£ L , Mi ~ (1,1,1,-2) 
N EL ,N ML ~ (1,1,1,0) 

17 L ,C L ~ (3,1,1,4/3) 
£>l,5 l ~ (3,1,1,-2/3) 



Content of the first two families of ordinary fermions with its mirror partners 
and quantum numbers under 577(3)c ® SU{2) L ® SU(2) R ® J7(l)y. 



In order to justify our choice of 577(7) as the unification group, some points 
should be observed. First, as Si7(3)c®S'J7(2).£,<8>{7(l)y is a maximal sub-group 
of 517(5), then SU(3) C ®SU{2) L ®SU{2) R ®U{1) Y C S77(5)«)ST/(2)fl c 5*£/(7). 
In fact [IS] 5*1/(5) <g> 577(2) ® U(l) x is a maximal sub-group of SU(7) and we 
can assume SU(2) to have the right chirality SU(2) R . 

A second point is that the mass terms of leptons l e LXL e R require Higgs 
representations \l ~ (1,2,1,1). Similarly the mass terms of the mirror part- 
ners LerXrEl, require \R ~ (1,1,2,1). Mixing terms of the type eR.S D E L , 
TTrSdNel need Sd ~ (1, 1, 1,0). Mass terms of the Majorana type l e LXL^EL 
need xL ~ (1,2,1,-1) and L erXr v^R need Xfl ~ (1,1,2, - 1 ) in order 
to give mass to neutrinos. The N^ l SmNel and v^Smv^r terms are possi- 
ble with Sm ~ (1, 1, 1, 0). Now, let us search for the representations of xl,r, 
Sd and Sm in the S77(7) context [20]. The multiplet fermions [21] are into 
the anomaly free combination^ {1} © {7} © {21*} © {35} corresponding to the 
spinor representation 64 of 50(14) into which SU(7) is embedded. In the 
previous multiplets, {21} is a 2-fold, {35} is a 4-fold and {7} is 6-fold of totally 
antisymmetric tensors. 

1 We are using {} for the SU(7) components. 
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Let us note that 64 can contain two families of ordinary fermions with 
its respective mirror partners, for example the electron and muon families as 
it is showed in Table 1. The other families can be incorporated into other 
64 spinorial representation. The branching rules for each component of the 
spinorial representation under SU(5) (8 SU(2)r , are [22] : 

{35}= [10*, 1]© [10, 2] ©[5,1], 
{21} = [10,1]® [5, 2]® [1,1], (1) 
{7} = [5,1]® [1,2], 

and under SU(3) C <8> SU(2) C ® SU(2) R ® U(1) Y 



{35} = 




(1,1,1,-2) (3,1,1,4/3) (3,1,1,4/3) 3,1,1,-2/3) 




VeR 



From the product {63} <g> {63} = {1} S ® {63} s ® {63} a ffl where the index 
indicate symmetric (s) or antisymmetric (a), we obtain the Higgs representations 
producing the mass terms for the fermions in the spinorial multiplet {63} = 
{7} © {21*} © {35} of SU(7). With the help of the branching rules (1) - (5), 
we take 

XL ~ {7*} D (1,2,1,1), X R ~ {21} D (1,1,2,1), (6) 
S D ~ {21} D (1,1, 1,0), S M ~ {1} ~ (1,1,1,0). (7) 
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Finally we can have the following breaking chain with two singlets and two 
Higgs doublets : 

SU(7) Sm SU(5) ® SU(2) R ® V Sd G SM ® SJ7(2) fl 
Xij 5C/(3) C ® SU(2) L ® U(1) Y XL SU(3) C ® f/(l) e . m . (8) 

A fundamental problem in left-right models is to satisfy the condition vr >> 
Uz,. This can be done by introducing the concept of ©-parity [TJl [2H] The 
component of </> Q/3 = {21} , (a, (3 — 1 — 7) that breaks X>-parity is given by 
Sd = <j> 67 which is odd under D-parity [23] and Sm is a SU(7) singlet that 
conserves 2?-parity. 

We can write an SU (7) invariant Higgs potential which incorporates the 
2?-parity effect as 

L = ^{7} x {7*} + A x ({7} x {7* }) 2 + rr^{21} 2 + 
7 ?D {21} 3 + \ D {21} A + m M {l} 2 + r] M {l} 3 + A A f{l} 4 + M D {21}({7} x {7*}) + 
M M {1}({7} x {7*}) + A({1} x {21})({7} x {7*})+ 

(e D {21} 2 + e A /{l} 2 )({7} x {7*}) + x[{7} 4 + {7* }*]. (9) 

Let us note that the term A({1} x {21})({7} x {7*}) is possible if the interactions 
of {1} x {21} and {7} x {7*} are mediated by a gauge boson in the {21} 
representation of SU(7). 

3 Couplings in the Higgs Sector and g-2 
3.1 The Higgs potential of a L-R model 

There are two ways of breaking parity spontaneously: the first is to identify 
the discrete symmetry Z 2 that interchanges the groups SU(2)l and SU{2)r 
of the Lorentz group 0(3, 1) as the parity operator V , which allows the parity 
symmetry of the Higgs bosons to be \l P. XR an d also Wl £ Wr. Thus, 
when SU(2)r is broken in the symmetric L-R model, parity is also broken. 
The second possibility for a spontaneously breaking of the parity symmetry is 
through the v.e.v. of an odd scalar field that conserves the L-R symmetry. In 
this case it is not possible to have xl V XR if m t ne model there are complex 
Yukawa couplings. This type of parity is called D-parity which is a generator of 
groups that contain the product SU(2)l <8> SU(2)r as a subgroup. This second 
possibility is very important because allow (xl) <C (xr) with different coupling 
constants for SU(2)l and SU(2)r and different masses for these Higgs fields. 

Our model for the scalar potential includes two Higgs doublets and two Higgs 
singlets. These singlets and doublets transforms under 2?-parity as Sm T> Sm 
, Sd 2? — Sd and \l 2? \R i if i n t ne model there is no CP violation or 
complex Yukawa couplings. In this case, V and 2?-parity can be indistinctly 
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considered . Let us suppose the following invariant potential under G3221 = 
SU(3) C ® SU(2) L <g> SU(2) R f/(l) B _ L for the Higgs fields 

V(Xi, Xfl, S D ,S M ) = V 2 {x{xl + XrXr) - K{X ] L XL + XrXrT - m 2 D S 2 D - 

r] D S D - Ad5|, - m 2 M S 2 M - r) M S M ~ Am^m + M r><Sx>(XijXiJ - x[xl)+ 

M m S m {XlXl + XrXr) + ^S d S m {XrXr ~ x{xl)+ 

(e D S 2 D + e M S 2 M ){ X \xL + XrXr) ~ *((xt ) t +xl + (Xr^+Xr)- (10) 

Our motivation to write this potential is the fact that Sm and Sd are not 
necessarily into the same irreducible multiplet of Higgs fields. In consequence it 
is also possible a mixing between these fields. If this is the case, when (Sm) = sm 
and {Sd) = sd the potential responsible for the Higgs masses for the fields xl 
and xr is 



Vmass(XioXij) = (p 2 +e D s 2 D +e M s 2 M + M m s m ){\xl\ +\xr\ ) + 

(M D s D + Xs dSm )(\ X r\ 2 - \xl\ 2 ), (11) 

from which we find the mass terms, 

m R — A* 2 ~\~ £ds 2 d + e M s 2 M + M M s M + M D s D + Xs D s M , (12) 
m\ = [i 2 + e D s 2 D + e M s 2 M + M M s M - M D s D - \s D s M - (13) 

Now we impose the hierarchy condition in the previous equations such that m 2 R 
<C s 2 D <C s 2 M . In this limit we can now have (xl) — vl ~ mi ~ lOOGeV and, 
let us say; (xr) — vr ~ itir <~ lOTeV » vl- It is necessary to indicate that 
vl breaks the electroweak symmetry and vr breaks the L-R symmetry close 
to the TeV scale. It also must be noted that if Sd and Sm are into the same 
multiplet, the mixing terms in the potential possibility will be absent. 

Let us now suppose that there is no CP violation and that all v.e.v. are 

considered to be real: (xl) = I ) , (xr) = ( ) • Then it is possible to show 



\ v lJ \vrj 
that the minimum conditions for the potential are given by 

dV 

- — = 2vl[/J. 2 - 2X x (vl + v R ) - Md s d + M m sm - Xs d sm + 

£ds 2 d + £ms 2 m - 4xufJ = 0, (14) 

dV 

- — = 2v R [(i 2 - 2\ x (v 2 L + v 2 R ) + M D s D + M M s M + Xs D s M + 

OVr 

£ds 2 d + £ms 2 m - 4:Xv R ] = 0, (15) 
From these equations we have 

v L ^r~ ~ V R^— = 4v L v R [M D s D + Xs D s M - 2x(v 2 R - v 2 L )\ = (16) 

OVr OVl 
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As we require non trivial solutions so that vl 7^ vr =/= 0, we obtain the desired 
hierarchy 

vl _ vl= s D (M D + Xs M ) 

An important point to be noted in the previous equation is that the effect 
of the breaking due to the singlet Sm is sub-dominant with relation to Sd 
which breaks 2?-parity when (Sd) = sd ■ Additionally, if Sd = the Im- 
parity is conserved and also the L-R symmetry producing vr = vl as expected. 
Thus, we have shown that in our potential there is a possibility to construct 
models producing an hierarchy between the breaking scale of SU(2)r and the 
electroweak scale simply by using two Higgs singlets to generate the minimum 
of the potential. The crucial point in this sense is the inclusion of the mixing 
term XSdSm(XrXr~ x\xl) which is possible if Sm and Sd are into different 
irreducible representations. In the same way as in the previous term, also the 
term MdSd{XrXr ~ XlXl) breaks the L-R symmetry . It is fundamental also 
to fine tune the parameters of the model at the radiative level to assure that 
vr do not destabilizes the vl value. Thus, from equations (12) - (15) we must 
have 

m 2 L -2(\ x + 2x)vl = 2\ x v R , (18) 



3.2 The lepton couplings and g — 2 



An interesting model with mirror fermions based in the gauge group SU(2)i ® 
SU(2)r ® U(l)y with a minimal set of Higgs fields was elaborated in [24] , 
The Lagrangian is constructed using two Higgs doublets \l, Xr that satisfy the 
parity transformation xl Xr , and two Higgs singlets, the first of which 

is coupled to Dirac terms - Sd - and the other that couples to Majorana terms - 
Sm- This is a general approach to activate the see-saw mechanism for neutrino 
masses. In other L-R models 25 [26 j with only two doublets the minimum for 
the vacuum appear at vl = 0, which is phenomenologically useless. It has also 
been shown by using a variational method [27] that this vacuum is unstable 
and that vl could gain a small value, in comparison to vr, when Higgs fields 
are coupled to fermion fields. The other possible solution is the inclusion of bi- 
doublets, increasing the number of fundamental parameters in the scalar sector. 
In the present approach, with two Higgs doublets and two Higgs singlets, the 
vacuum is stable as shown recently [35]. 

The Lagrangian containing terms relevant for the anomalous magnetic mo- 
ment of the electron ( or muon ) is given by 

£Fch= f(hXLeR + IrXrEl) + f ' e-R-E L S D + h.c. (19) 
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The Higgs sector that breaks the symmetry is 

= J_( \ = J_f 

XL V2 V V L + X L ) ' XR V2\^R + *R 

Sd = ^ (s d + X D ) , (20) 

where vl, vr and sd are the vacuum expectation values and X^,X R and Xjj 
are the respective neutral Higgs helds. The fermion mass terms are 

^>7s(/£ A)U) +fctt (21) 

A rotation between the fermion helds will diagonalize the mass matrix 

e L = c L e° L + s L E Ll e R = c R e° R - s R E R , 
E L = s L e° L + c L E° L , E R = s R e° R + c R E° R , (22) 

where sl. r — smdL. R , cl, R = cosOlji. The weak eigenstates are Cl, R and 
El,r while e° L R and E\ R are the mass eigenstates. Then, the terms of the 
previous Lagrangian contributing to the magnetic moment and CP conserving 
are 

C eE =^=[(sLCREje R - c l sr^E° r )X l + {s r cl^E l - c R s L E%el)X R ] 
V2 



-t=(c L c R e R E° L + s LSR E R e° L )X D + h.c. (23) 



The Feynman diagram producing a new contribution to the anomalous mag- 
netic moment of leptons consistent with the requirement of a well defined Higgs 
potential is shown in Fig.l. 




Fig. 1 Generic Feynman diagram contributing to the lepton anomaly. The 
Higgs helds are in the mass eigenstates basis. The index is i ^ j = L, R, D. 

Note the mixing term between Higgs helds that arise from the potential 
(10). This mixing is crucial to give a hnite radiative mass to leptons (the same 
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diagram as in Fig.l, but without the photon line). Figure 1 is the relevant 
contribution for the anomalous magnetic moment in the hierarchy > vr 3> 
vl with Md ^> Mr ^> Ml. This contribution for the electron case is, with the 
additional condition the S> m e for the mirror partner of the electron E, is given 

by [mum 



Aa e = 



2zl{l-zl)-2ztHzl) 



167r 2 m,E 



2{i- zir 



(24) 



where z e = and the parameter £ e is function of /, Ol.r and of the mixing 
angle between Xl and Xr that can be easily obtained from the Lagrangian 
C e E ■ The corresponding contribution to the electron radiative mass is given by 

MM 



1-loop 



16n' 



:m E 



Ml f m 



2 

^mJ-\m\ 



Mr 



— ylnl 

Mr \M r 



III-, 



(25) 



We will use the very small contribution to m\' lo ° v and to the anomalous mag- 
netic moment to obtain constrains over £ e , Ml, Mr and the- We obtain analo- 
gous expressions for the muon. 



4 Bounds from g — 2 and radiative masses. 

In this section we use two simple arguments in order to obtain bounds over the 
parameters in our model. The first one is the value of the leptons anomaly and 
the second is the small value for the radiative mass. Let us take — 10~ n < 
Aa e < 3 x 10 -11 for the electron anomaly. In Fig. 2 we show the possible range 
of values for £ e as a function of MlItue for two different cases: nriE = lOOGeV 
and 200GeV. In this paper we consider the mass parameter that fixes the 
Standard Model Higgs boson to be in the range A7GeV < M L < 200GeV [3"T] . 

We have also obtained constraints for £ e from the radiative mass given in 
equation(25) as is shown in Fig. 3. A small radiative mass for the electron 
is possible in our model. For example, by taking m\~ lo ° v = 0.05MeV, ttie = 
lOOGeV with A7GeV < M L < 200GeV we found -2 x 1CT 5 < £ e < -4.5 x 1(T 5 
in the range of values 6 ^ < 10. This is showed in Fig. 3a. For the case 
rriE = 200GeV with the same electron radiative mass we have the results of 
Fig. 3b. In both cases, the range of values of £ e is compatible with the values 
coming from the electron anomaly, as is showed in Fig. 2a and Fig. 2b. Thus, a 
Higgs SM with mass in the indicated range and its mirror partner with a mass 
600GeV ^ Mr ^ ITeV can account for the electron anomaly and give a small 
electron radiative mass. 
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Fig. 2 Allowed values for £ e coming from the electron g e — 2 as a function of 
Ml/tue for two cases: a) tue = 100 GeV and b) tue = 200 GeV. 




a) b) 

Fig. 3 Range of allowed values for £ e from the radiative mass contribution, 
taking m\' lo ° v — O.Q5MeV, as a function of Mr/ tue and Ml/ tue for: a) 
m E = WOGeV and b) m E = 200GeV. 

For the muon case let us assume the value —2 x 10 -9 < Aa M <6x 10^ 9 for 
the anomalous magnetic moment. The range of values for £ M coming from muon 
anomaly is shown in Fig. 4. For the radiative muon mass we have the results 
shown in Fig. 5. 




Fig. 4 Range of values for £ M coming from g M - 2 as a function of Ml/itim, 
for: a) m M = ITeV and b) m M = lOTeV. 
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The shadowed area in Fig. 4a gives a range of values —1.5 x 10 3 ^ £ M ^ 
—3.5 x 10 -3 coming from the muon radiative mass for Mr = 600GeV^ — ITeV 
, 47GeV < M L ^ 200GeV and a small radiative mass to*- 1oo p = WMeV. This 
is compatible with the values for £ M coming from of muon anomaly. 




Fig. 5 Range of values of £ M from the muon radiative mass, as a function of 
Mr/tum and M L /m M - We consider mJ- loop = lOMeV for: a) m M = ITeV 

and b) m M = lOTeV. 



Let us notice from Fig. 5 that it is possible to obtain smaller values for the 
muon radiative mass 1 < m^ loop ^ lOMeV by taking m M = ITeV - lOTeV 
for a Standard Model Higgs with mass between 47 — 200GeV r and Mr between 
600Gey — ITeV. These cases are totally compatible with the present value of 
the muon anomaly. 



5 Comments on new corrections 

Left-right symmetric models with mirror fermions will have other contributions 
to the muon anomaly. 

There are corrections from vacuum polarization loops with E and M— mirror, 
similar to the QED contribution. The insertion of E— mirror vacuum po- 
larization loop into the muon vertex correction, give Aa v . P .i — [jg f^f'J + 

x In (^) 2 - For the range of parameters of the new mirror sector 

considered in this paper we have the value ~ 10~ 14 — 10 -13 . 

New gauge bosons will also contribute to the muon anomaly with diagrams 
analogous to the standard model gauge bosons. As the new gauge bosons must 
have masses higher than the standard gauge bosons we will have again very 
small contributions. 

The new hadronic contribution from mirror matter will suffer the same lim- 
itations as in the standard model. One can not calculate the hadronic contri- 
bution directly from QCD due to the non-perturbative region of parameters. 
The standard procedure is to use dispersion relations and experimental data 
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from e + e~ collisions or the pion spectral functions. Hadronic vacuum polar- 
ization loops with new mirror quarks could contribute to the muon anomaly. 
But we would need to know the e + e~ annihilation into mirror quark-antiquark 
and their consequent hadronization. Similar possibilities could occur for the 
hadronic r— decay. We expect that this new hadronic contributions from mir- 
ror quarks will be very small in virtue of the hierarchy masses present in our 
model, in comparison with the ordinary quarks masses. 

6 Conclusions 

In conclusion, we found that in a SU(7) grand unified symmetric left-right 
model it is possible to have a Standard Model Higgs boson with mass between 
47 — 200GeV , a new mirror Higgs boson with mass between 600GeV — ITeV; a 
mirror electron with tjie — lOOGeV and a mirror muon with mass ttim ~ ITeV. 
These values are compatible with the electron and muon anomaly and give a 
small radiative mass contribution. These possible new high mass states can be 
searched in the LHC energies [32] and new high energy lepton colliders [33] 

As was showed in [10] , the important linear relation between masses of or- 
dinary and mirror fermions for the electron or muon anomaly is related to the 
breaking of the Weinberg symmetry [34] , if the radiative correction to the masses 
of the ordinary fermions are small, as it is the case in the present model. 
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